Evidence has been obtained indicating that there is a sex effect on the formation of urinary calcium oxalate stones in vitamin Be-deficient rats. When wean ling rats were fed the deficient diet for 7 weeks, the prevalence and size of apical incrustations were greater in male than female or castrated male rats. When young adult rats were fed the deficient diets for 3 months, urinary stone formation appeared greatest in castrated male rats and least in females. After 6 months on the deficient diet, calculus formation was more marked than at 3 months and the differences between groups disappeared. The data of these studies suggest that the requirement for vitamin Be is greater in male rats than in the other groups as demonstrated by a higher mortality and more rapidly increased excretion of xanthurenic and oxalic acids. Evidence has also been obtained using growth rates and liver storage of vitamin BÂ« in weanling rats fed varying levels of the vitamin that females may require less of the vitamin than male rats.
The formation of urinary tract stones containing calcium oxalate is a major health problem throughout the world. Avail able statistics on the prevalence of renal calculi indicate that they often appear more frequently in males than in females in ratios which vary up to as much as 2:1 (1). Studies of primary vesical calculi which are found mainly in children in many areas of Asia and the Middle East indicate that the ratio of male to female patients is approximately 8:1 (2) . It has been reported from this laboratory that vitamin Be-deficient male rats rapidly de velop calcium oxalate calculi throughout their urinary tracts (3) . It has also been observed that oxaluria and renal oxalate deposition following the administration of ethylene glycol, glycolic acid and other oxa late precursors are markedly greater in male than female rats (4) (5) (6) . The purpose of this study was to determine the effect of vitamin B6 deficiency on the occurrence of oxalate urolithiasis in male, castrated male and female rats.
METHODS
In these studies, rats of the Charles River CD strain housed in group cages were used. The vitamin Be-deficient diets fed contained: (in percent) sucrose, 72.7; casein, 15; glycine, 3; corn oil, 4; cod-liver oil, 1; choline, 0.3; and salts IV (7) When animals were killed, their urinary tracts were exposed and examined at aU levels under a dissecting microscope. The kidneys were sectioned transversely and somewhat obliquely so as to include the renal papillae intact. The distribution and extent of all crystalline deposits were re corded. Papillary apical calcium oxalate incrustations were measured directly under the dissecting microscope. As these depos its at this stage are generally thin surface plaques, only the areas covered by the in crustations were measured with no attempt to determine their thickness.
In the first experiment, groups of male, castrated male and female weanling rats were fed the vitamin Be-deficient diet ad libitum for 7 weeks. They were then killed and their urinary tracts examined for the presence of calculi. In the second experi-ment, large groups of male, castrated male and female rats approximately 10 weeks of age were fed the vitamin En-deficient diet for up to 6 months. After 9 and 25 weeks, rats from each group were placed in metabolism cages in groups of 2, and 48-hour urine collections were made. The urines were analyzed for creatinine (8) , oxalic acid (9), calcium (10), magnesium (11) , citric acid (12) and xanthurenic acid (13) . Animals from each group were examined for the presence of urinary cal culi after they had been fed the deficient diet for 3 or 6 months. In another experi ment, male and female weanling rats were fed the experimental diet for 6 weeks with 0, 1, 2, or 4 mg pyridoxine-HCl per kilo gram diet. At the end of the feeding period their liver levels of vitamin B6 were deter mined using a Saccharomyces carlsbergensis assay (14) . Table 1 shows the results of feeding a vitamin Bt-deficient diet to weanling male, castrated male and female rats for 7 weeks. It can be seen from these data that the death rate due to vitamin BÂ» deficiency was greatest in intact male rats. All of the male animals examined showed papillary apical concretions, the surface areas of which were determined using the dissecting mi croscope and an ocular grid. Mean areas of the concretions in the male rats were about twice the size of the oxalate deposits in the kidneys of the castrated males and females. Each grid unit equaled 0.04 mm*. Free calculi which represent unattached sand or calculi in the renal pelvis, ureters or bladder were not very prominent in these animals.
RESULTS
In a second experiment, young adult male, castrated male and female rats about 10 weeks of age were fed the vita min Be-deficient diet for up to 6 months. Table 2 shows the results of urinary tract examinations of some of these animals after they had been fed the deficient diet 3 months. The formation of oxalate cal culi in female rats was minimal. Oxalate deposits in the castrated male rats were considerably larger in size and number than in intact male animals. Table 2 also shows the data obtained from rats from the same groups after they had been fed the deficient diet 6 months. There were no significant differences in the number or size of the papillary apical de posits in any of the groups. However, there were considerably more vesical stones in the castrated males than the intact ani mals. These data suggest that in older ani mals which had been fed a vitamin Bodeficient diet for a prolonged time, sexual 2One unit of area â€" 0.04 mm*. differences in renal stone formation were minimized. Table 3 shows the results of urine analy ses done on young adult rats fed the vita min BÂ«-deficient diets for 9 and 25 weeks. After 9 weeks on the deficient diet con siderably more oxalic and xanthurenic acids were excreted by the male than by the castrated male and female rats. Signifi cantly more magnesium was excreted by the female rats than by the others. No statistically significant differences in ex cretion of calcium and citric acid were observed. At 25 weeks, although the male rats still excreted more oxalate than the others, the differences were no longer sta tistically significant. All three groups ex creted considerably more oxalate than they did at 9 weeks, probably a reflection of the aggravation of their deficiency state with time. At 25 weeks the females still excreted significantly more magnesium than the castrated male rats. During the 25-week period, 8 of the 30 males which were started on the experiment died whereas none of the 33 castrated males and only 1 of the 30 females died. At 3 months, 6 rats from each group had been killed.
Data consistent with this observation were obtained in another study in which male and female rats were fed the basal diet with 0, 1, or 2 mg of vitamin B8 per kilogram for 5 weeks. The data presented in table 4 indicate that at the two low levels of the vitamin more male rats died than female rats. Furthermore, the female rats fed diets with 0 and 1 mg vitamin BÂ«/ kilogram appeared to grow relatively faster than the male rats, particularly compared to their growth when fed 2 mg pyridoxine/ kilogram of diet, an amount which pro vides an optimum level of the vitamin for growth. Table 5 shows the effect of feeding dif ferent levels of vitamin B6 for 6 weeks to weanling male and female rats on their total liver vitamin BÂ« levels. It appears from these data that, as the dietary levels of vita min BÃ• were increased, the livers of female rats became saturated with the vitamin more rapidly than those of males. Female rats receiving 1 mg pyridoxine/kilogram diet did not show significantly less liver vitamin BÂ« than those fed diets with 4 mg/ kilogram. On the other hand, with each in crement in vitamin B8 in the diets of the male rats, there was a significant rise in liver stores of the vitamin. It also appears from these data that when the dietary content of vitamin BÂ« increased to 4 mg/ kilogram the ability of the livers of the male rats to store the vitamin was greater than that of the females. DISCUSSION Most attempts to establish nutritional standards for growing laboratory animals do not separate nutrient requirements ac cording to sex (15). For rats, most studies of their nutritional requirements during growth have been done on male animals. In the present study, using vitamin B8-deficient diets designed to promote urinary calculi formation, evidence has been ob tained suggesting that the vitamin B8 re quirement of male rats is considerably greater than that of females or of castrated males. In three studies (tables 1, 3, 4) in which weanling or young adult rats were fed vitamin Be-deficient diets, mortality was greatest among the male animals. When young adult rats which had been fed a commercial diet were placed on a semipurified vitamin Bc-deficient diet for 9 weeks (table 3) , considerably more oxalic and xanthurenic acids were excreted by the male rats than by female and castrated male rats. Since increased excretion of xanthurenic and oxalic acids is associated with vitamin B6 deficiency it appears that the male rats became deficient in vitamin B6 more rapidly than the others. After the animals had been fed the deficient diet for 25 weeks, differences between groups in the excretion of the metabolites measured were minimized.
When different levels of vitamin B6were fed to weanling rats, it appeared that fe male rats were able to achieve a leveling off of growth rate (table 4) and liver stor age of vitamin Be (table 5) at lower levels of dietary vitamin B8 than male rats.
About two-thirds of human renal stones are composed of calcium oxalate or of mix tures of calcium oxalate and apatite (2) . The primary bladder stones found in un dernourished children, particularly boys, are usually composed of calcium oxalate and urates. Because of reports of higher prevalence of calcium oxalate renal stones in males than females and because pri mary vesical calculi are mainly a problem of boys, a number of investigators have studied the effects of sex on the formation of endogenous oxalate and its deposition in the kidneys. Silbergeld and Carter (4) reported that the feeding of 1 and 2% glycolic acid, an oxalate precursor, to rats resulted in growth retardation, nephrotoxic effects associated with oxalate depo sition, and death in male but not in female rats. Tanret et al. (5) reported that fol lowing ethylene glycol administration, male but not female rats developed oxalate de posits in their kidneys. Similar results were reported by Richardson (6) who found that the supplementation of control diets with 2% glycolic acid or ethylene glycol resulted in oxaluria and kidney oxalate deposition in male rats but not in females. Vitamin Be deficiency eliminated the sex difference and markedly enhanced the ex cretion and kidney deposition of oxalate in female rats fed glycolic acid. He also found that the oxidation of glycolic acid to glyoxylic acid and of glyoxylic acid to oxalic acid proceeded twice as rapidly in male rat as in female rat liver homogenates. In a later study (16) Richardson reported that testosterone increased depo sition of kidney oxalate and induced liver glycolic acid oxidase in intact and ovariectomized female and castrated male rats fed glycolic acid. Similar effects were not observed when testosterone was adminis tered to intact male rats.
In the present studies, the effect of sex on the formation of urinary oxalate calculi in vitamin B6-deficient rats appeared re lated to the time they were fed the vita min De-deficient diet. Thus, when weanling rats were fed the deficient diet for 7 weeks, the prevalence and size of apical incrusta tion were greater in male than in female or castrated male rats. Analyses of urines obtained from young adult rats fed the deficient diet for 9 weeks indicated that the male rats were excreting more oxalate than the others. In another study, after 3 months on the deficient diet young adult male rats showed considerably more apical deposition of calcium oxalate than female rats; in this same experiment the castrated male rats after 3 months showed markedly more renal calculus formation than the intact male and female rats, for reasons which are not clear. As the deficiency state progressed, the variations in renal deposi tion of oxalate between groups disap peared. At 6 months the apical deposition of oxalate was similar in all groups and considerably greater than at 3 months. Similarly, the excretion of oxalate by the 3 groups at 25 weeks was not statistically different but was considerably greater than at 9 weeks. These data may be somewhat biased by the fact that mortality was con siderably higher among the male rats and that death in many of these animals might have been related to renal pathology caused by oxalate deposition. In a previous study (17) , growth depression in male rats fed the vitamin B6-deficient diet used in this study was partially prevented by pro tecting the kidneys of the rats against oxa late deposition with dietary magnesium.
It has often been suggested that the much higher prevalence of primary vesical calculi in boys than in girls is related to anatomic rather than metabolic differences (1) . The data of these experiments pro vide some support for the idea that it is easier for female animals to pass vesical gravel than males. In these studies 24 male, 28 castrated male and 30 female rats with calcium oxalate urolithiasis were ex amined. Twenty-nine percent of the males, 46% of the castrated males and only 3% of the females had vesical calculi.
